A 46 kDa heparin-binding protein which inhibits thymidine incorporation in cultures of fetal calf liver erythroid cells was isolated from fetal bovine serum by affinity chromatography on heparin-Sepharose,.ion-exchange chromatography, gel filtration and reversed-phase h.p.l.c. The N-terminal sequence of the first 22 amino acids showed 81 % identity with the published sequence of human apolipoprotein H. The isolated protein inhibited thymidine incorporation with an ED50 (concn. producing 50 % of maximal effect) of 36 nM. A 100 % inhibition of thymidine incorporation and a 40 % decrease in cell numbers in cultures of fetal calf erythroid cells were observed at a protein concentration of 840 nm. No effects could be seen in cultures of 3T3 cells used as controls. Human apolipoprotein H had no inhibitory activity in any of the cell cultures tested, suggesting a species-specificity or a different structure or function for the bovine heparin-binding protein.
INTRODUCTION
Fetal bovine serum is the most widely used supplement for the growth and maintenance of cells in culture. During the purification of heparin-binding growth factors from serum, we noticed that the mixture of proteins obtained after affinity chromatography on heparin-Sepharose and anion-exchange chromatography contained factor(s) which were able to inhibit thymidine incorporation into fetal calf erythroid cells. In this paper, we describe the isolation and properties of one of these inhibitory factors. Its N-terminal sequence and its molecular mass suggest that this factor is the bovine equivalent of the human apolipoprotein H (apo H, /32-glycoprotein I), a plasma protein of unknown function [1] . Nevertheless, several studies on the possible role of human apo H have revealed some interesting characteristics of this protein, such as its association with circulating plasma lipoproteins [2] , activation of lipoprotein lipase [3] , modulation ofplatelet adenylate cyclase [4, 5] , inhibition of platelet prothrombokinase activity [6] and inhibition of the activation of Hageman factor [7] .
MATERIALS AND METHODS

Materials
Fetal bovine serum was obtained from Flow Laboratories, Thymidine incorporation assay We have tested the capacity of the purified serum proteins to stimulate (or inhibit) thymidine incorporation in fetal calf erythroid cells using a serum-free culture system of fetal calf erythroid cells which has been described in detail elsewhere [8] . In summary, primary cultures of fetal calf erythroid cells are incubated with the protein to be tested in a serum-free modified F-12 medium supplemented with 30 ,tg of bovine transferrin/ml (Sigma) for 20 h at 37 'C. Then the cells are incubated with [3H]thymidine for 1 h. The cells are then washed, precipitated with cold trichloroacetic acid and counted for radioactivity in a scintillation counter [8] .
Isolation procedure
Heparin-binding proteins from fetal bovine serum were prepared by affinity chromatography on heparin-Sepharose columns using a modification of the method described by Gospodarowicz et al. [9] . A 100 ml sample of serum was applied on to a 1.6 cm x 10 cm heparin-Sepharose column previously equilibrated with 0.01 M-Tris/HCI buffer (pH 7.0) containing 0.1 MNaCl at a flow rate of 30 ml/h. The column was washed with the same buffer to eliminate all unbound proteins, which were monitored by measuring the absorbance of the eluted fractions at a wavelength of 280 nm. Then the heparin-bound proteins were eluted using a linear gradient from 0.1 to 1.6 M-NaCl in 0.01 MTris buffer (pH 7.0) for 6.5 h at a flow rate of 30 ml/h. Portions were taken to test the thymidine-incorporation-stimulating activity of the fractions in the serum-free cell culture system indicated above [8] . The samples with thymidine-incorporationstimulating activity were pooled, diluted with 10 vol. of 0.01 Msodium phosphate buffer, pH 7.0, and passed through a Zetachrom 250 QAE ion-exchange capsule at a flow rate of20 ml/min. The capsule was washed with 150 ml of 0.01 M-phosphate buffer to eliminate the non-bound proteins.
The flow rate was 0.3 ml/min. This separation step was repeated twice until the thymidine-incorporation-inhibiting fractions were separated from the thymidine-incorporation-stimulating fractions. Further purification was obtained by gel-permeation h.p.l.c. as described previously [10] . The final purification step employed reversed-phase h.p.l.c. using Aquapore columns as described above which gave a single peak of absorbance corresponding to the thymidine-incorporation-inhibiting activity.
Analytical methods Acrylamide-gel electrophoresis in the presence of SDS and 2-mercaptoethanol was done by a modification of the method of Laemmli [11] using the Phorcast precast polyacrylamide gradient gel from Amersham (Oakville, Ontario, Canada). Sequence analysis from 400 pmol (measured by h.p.l.c. based on its absorbance at 214 nm) was performed using the Applied Biosystems pulsed liquid-phase sequencer [12] . The initial sequencing yield was 41 %, which corresponds to the initial yield of most proteins in this type of sequencer. The average repetitive yield was 84 00. Cell counts were measured using a haemocytometer, with Trypan Blue as vital stain.
RESULTS
Most heparin-binding proteins of fetal bovine serum elute from the heparin-Sepharose column at a NaCl concentration of 0.4-0.6 M-NaCl (Fig. Ia) . Samples of the fractions eluted from the column were taken for the measurement of their capacity to stimulate thymidine incorporation in fetal calf erythroid cells (-) . No erythroid cell inhibitory factors are evident at this step of purification. There were always two closely eluting fractions with thymidine-incorporation-stimulating activity. However, their amounts varied within different batches and therefore both were pooled (fractions 38-46) for a further purification step employing anion-exchange chromatography using Zetachrom 250 QAE capsules (Fig. lb) . If the fractions with the highest thymidine-incorporation-stimulating activity (25, 26 and 27) were pooled and applied to the Aquapore reversed-phase columns as indicated in Fig. 2(a) , the presence of inhibitors of thymidine incorporation (arrow) contaminating the most prominent thymidine-incorporation-stimulating activity was evident. These inhibitory fractions were further purified by repeating this chromatographic step and then applying the samples to gelpermeation h.p.l.c. columns (Fig. 2b) . The sample was finally purified and-concentrated by again using the reversed-phase Bovine apolipoprotein-H-like protein 1 5 10 15 20 Aquapore columns (Fig. 2c ). There were some variations in the base-line thymidine incorporation activity of control cell cultures. These were due to minor differences in the gestational ages of the fetuses used for the bioassay, to the inhibitory hyperosmotic effect of salts from aliquots of some chromatographic fractions (ion-exchange, heparin-Sepharose) or to the addition of bovine serum albumin (Sigma, 150 ,tg/ml) as carrier for the small samples of highly purified proteins (Fig. 2c ). Commercial albumin preparations are known to contain erythroid-cell-stimulating factors [13, 14] (Fig.  3) . The dose-response curve of the inhibition of thymidine incorporation is shown in Fig. 4 
DISCUSSION
During the initial purification steps for heparin-binding growth factors for liver erythroid cells, it was not at all evident that inhibitory factors were present, because the very high thymidineincorporation-stimulating activity effectively prevented their identification (Fig. 1) . Only the use of reversed-phase h.p.l.c. allowed us to separate and purify these inhibitory factors. Further analysis of the nature of the fractions with thymidine-incorporation-stimulating or -inhibiting activities indicated the presence of several factors. We have recently found that the major heparin-binding erythroid-cell-stimulating factor of fetal bovine serum has similarity with erythrotropin or insulin-like growth factor II [15] . In this paper we have focused our attention on one of the major inhibiting factors, with an apparent molecular mass of 46 kDa. The N-terminal sequence of this factor was similar to that of human apo H which, to the best of our knowledge, has not been associated with cytostatic or cytotoxic events. Nevertheless, other heparin-binding apolipoproteins such as apolipoprotein B100 are inhibitors of lymphocytes, and the synthetic peptides based on two heparin-binding domains of apolipoproteins B and E have been shown to inhibit lymphocyte proliferation [16] . Furthermore, human apo H has a consensus sequence shared with antistasin, an inhibitor ofblood coagulation and metastasis, and with many other proteins involved in malaria and viral infections, complement activation, metastasis and cell adhesion [17] . The inhibitory action of the bovine apo-H-like protein seems to be restricted to certain cell types, because it was not active in cultures of 3T3 fibroblasts. Furthermore, the inhibition is evident at concentrations which are about 100 times lower that the concentrations reported for human apo H in adult plasma [18] . 
